INTRODUCTION {#sec1-1}
============

Research in the etiology of periodontal disease over the past few decades has been mainly focused around specific periodontal pathogens and their virulence factors that affect the host resistance. Systemic factors like diabetes mellitus and smoking, osteopenia, neutrophil disorders, and genetic polymorphisms were found to be associated with more severe form of periodontal disease.\[[@ref1][@ref2][@ref3]\]

Earlier studies showed that psychosocial stress, physiological stress, anxiety, and depression were associated with significant amount of periodontal disease progression and wound healing.\[[@ref4]\] Hans Selye (1946) coined the term stress and postulated the possible mechanism of activation of the adrenocortico-pituitary axis. The stress-induced responses either result in change in behavior or are transmitted to the hypothalamic--pituitary--adrenal (HPA) axis to release corticotrophic releasing hormone (CRH) from the hypothalamus. CRH activates the pituitary gland to release adrenocorticotropic hormone (ACTH), which in turn induces the release of glucocorticosteroids like cortisol from the adrenal cortex.\[[@ref5][@ref6][@ref7][@ref8]\]

Normal blood serum cortisol levels in the morning are 6--23 mcg/dl. A higher than normal level is seen when there is excessive growth of the pituitary gland or adrenal gland. Cortisol contributes to hyperglycemia, reduces bone formation, calcium absorption from the intestine, and downregulates the synthesis of collagen. Lower than normal level may indicate Addison disease and hypopituitarism.

Cortisol (the primary glucocorticoid) reduces the number of circulating lymphocytes, monocytes, and other proinflammatory cells resulting in decrease in functions such as chemotaxis and proliferation of effector lymphocytes to differentiate into helper lymphocytes, cytotoxic lymphocytes, natural killer cells, IgG and IgA antibody forming B cells.\[[@ref9]\] Decreased functioning of neutrophils and secretory IgA, and IgG antibodies leads to increased susceptibility to periodontal infections, which results in increased production of inflammatory cytokines like IL-1 and matrix metalloproteinases by the periodontal pathogens causing rapid periodontal tissue destruction.

Glucocorticoids induce endogenous anti-inflammatory proteins, and lipocortins inhibit phospholipase A2, thereby inhibiting the production of eicosanoids.\[[@ref10][@ref11]\] Glucocorticoids tend to suppress cell-mediated immunity, but enhance humoral immunity by increased IL-4 production, and also interfere with nuclear factor-kappa B (NF-κB) to regulate cytokine production from the inflammatory cells.\[[@ref12]\]

Yoga is a 3000-year-old tradition which has been practiced in India. It is now regarded as a holistic approach to health and is classified by the National Institutes of Health (NIH) as a form of Complementary and Alternative Medicine (CAM).\[[@ref13]\] In an attempt to overcome the health problems and challenges, the practice of yoga has become increasingly popular all over the world, over the last decade. The common practice of yoga nowadays includes mainly physical postures, breathing exercises, and meditation.

The word yoga is derived from the Sanskrit word "yuj" which means union, yoke, or to join and to direct and concentrate one\'s attention.\[[@ref13][@ref14]\] Regular practise of yoga helps to build a better connectivity between the mind and body through a series of postures, breathing exercises, and meditation. Pratyahara is the fifth of patanjali\'s eight-limbed path of yoga. It can be an important tool for stress reduction,\[[@ref15]\] which can help in almost instant stress reduction by lengthening the exhalation relative to the inhalation, which in turn increases the tone in the sympathetic nervous system. The benefits of yoga include decreased stress and tension, increased strength, balance and flexibility of muscles, lowered blood pressure, and reduction in cortisol levels.\[[@ref16]\]

Any form of yoga has emerged as a potential integrative modality for management of several medical diseases such as diabetes, stress, HIV, arthritis, osteoporosis, multiple sclerosis, immune function disorders, and smoking cessation. Consistent yoga practice improves depression and can lead to significant increase in serotonin \[5-hydroxytryptamine (5-HT)\] levels at nerve synapses, which in turn helps in lifting the mood of an individual. Yoga also decreases the levels of monamine oxidase, an enzyme that breaks down neurotransmitters and cortisol.\[[@ref17]\]

Stress is a significant common risk factor for diabetes mellitus, cardiovascular diseases, preterm delivery, and osteoporosis, as well as periodontal disease. Reducing stress levels can greatly improve the health and quality of life, and yoga is arguably the best overall system ever invented for stress reduction. This ancient method gives an insight on the link between physical body and the state of mind, and any system of yoga can greatly help to reduce stress levels.\[[@ref18]\]

Although present research strongly supports the association of various forms of stress with periodontal disease, this pilot, cross-sectional study was done mainly to find the association of yoga practice with periodontal disease by measuring the serum cortisol levels.

MATERIALS AND METHODS {#sec1-2}
=====================

A total of 70 subjects of both genders with an age range of 35--60 years and diagnosed with chronic periodontitis were selected. Psychological evaluation of each individual was carried out using Hamilton Anxiety Rating Scale (HAM-A) and Zung Self-rating Depression Scale (ZSDS). Out of 70 patients, 23 patients with anxiety and depression were included in group I and 24 subjects without anxiety and depression were categorized into group II. These patients were recruited from the out-patient department of periodontics, Sibar Institute of Dental Sciences, Takellapadu, Guntur. Remaining 23 subjects who had been practising yoga for the past 5 years were selected from Jeevan Kala Yoga Center, Lakshmipuram, Guntur, and were categorized into group III.

HAM-A consists of 14 items, each defined by series of symptoms and measures of both psychic anxiety and somatic anxiety. Each item is scored on a scale rated 0 (not present) to 4 (severe) on an unanchored severity scale, with the total score range of 0--56. A score of 14 has been suggested as the threshold for clinically (mild) significant anxiety, 18--24 for anxiety of mild to moderate severity, and 25--30 for moderate to severe anxiety.\[[@ref19]\]

ZSDS consists of 20 items with rating from 1 to 4 and the highest possible score is 80. Subjects with scores between 50 and 69 are considered to have significant depression.\[[@ref20]\]

The study protocol has been approved by the institutional ethical committee and informed written consent was taken from all the recruited subjects before the start of the study.

Periodontal parameters like probing pocket depth (PPD) and clinical attachment level (CAL) were measured using UNC-15 probe (Hu-Friedy, Chicago, IL, USA). All the six surfaces on each tooth excluding third molars were evaluated. The number of teeth with PPD and CAL 5--8 mm and \>8 mm was recorded.\[[@ref21]\] Plaque index (PI) was calculated,\[[@ref22]\] and the frequency of brushing and history of smoking and alcoholism were noted. Subjects with number of teeth less than 20, those who had undergone any form of periodontal treatment in the last 1 year, those suffering from any systemic disease, self-reported psychiatric disorder, or on psychotropic drugs, pregnant women, those on any hormonal treatment, those using contraceptive pills, and those using antibiotics in the previous 3 months were excluded from the study. Serum samples were also adjusted for circadian variation in cortisol levels by matching the time of day at which the samples were collected.

Statistical analysis {#sec2-1}
--------------------

Data were collected and statistical analysis was done between the groups. One-way analysis of variance (ANOVA) was used to evaluate interactions between the three groups, in conjunction with Tukey\'s honestly significant difference (HSD) test to draw single-step multiple comparison.

RESULTS {#sec1-3}
=======

With a total of 70 patients in the study (37 females and 33 males), there was equal distribution of gender among the groups with slightly higher number of females in group III. Seven subjects were current smokers and nine subjects had given history of alcoholism. Most of the patients were brushing once daily in the morning and a maximum of four patients in group III were brushing twice daily. Mean values for all the parameters were calculated and inter group comparisons were made using one-way ANOVA followed by multiple pair wise comparisons using Tukey\'s *post-hoc* test among the groups. The mean (SD) values of age in the groups were 46.83 (5.62) in group I, 47.13 (5.40) in group II, and 47.13 (5.20) in group III, which was not statistically significant \[[Table 1](#T1){ref-type="table"}\]. PI scores in group I (2.04 ± 0.64), group II (1.70 ± 0.56), and group III (1.57 ± 0.73) were compared, and a significant difference (*P* = 0.040) was observed between the group I and group III \[[Table 1](#T1){ref-type="table"}\]. Mean values for the total number of teeth with pocket depth measuring from 5 to 8 mm in all the three groups (group I = 16.46 ± 4.97, group II = 16.78 ± 3.90, and group III = 16.52 ± 2.87) were compared and there was no significant difference found between the three groups \[[Table 1](#T1){ref-type="table"}\]. But a significant difference (*P* \< 0.020) between group I and group III was observed when the mean values (group I = 21.87 ± 3.02, group II = 20.00 ± 3.66, and group III = 18.96 ± 3.99) for total number of teeth with CAL measuring from 5 to 8 mm were compared \[[Table 1](#T1){ref-type="table"}\]. Multiple comparison with Tukey\'s *post-hoc* test showed significant difference between group I and group III in both PI (*P* \< 0.038) and CAL (*P* = 0.016) \[[Table 2](#T2){ref-type="table"}\].

###### 

Comparison of mean values of clinical parameters using one-way ANOVA
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###### 

Multiple comparsion of clinical parameters by using Tukey\'s *post-hoc* test
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No statistical difference was observed when the mean values for the number of teeth with \>8 mm pocket depth (group I = 0.48 ± 0.99 mm, group II = 0.26 ± 0.54 mm, and group III 0.22 ± 0.52 mm) and CAL (group I = 0.48 ± 0.99 mm, group II = 0.24 ± 0.56 mm, and group III = 0.22 ± 0.52 mm) were compared between the groups \[[Table 3](#T3){ref-type="table"}\].

###### 

Mean comparsion of PD \>8 mm and CAL \>8 mm among the groups using one-way ANOVA
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The mean serum cortisol levels obtained were: Group I (20.77 ± 1.48 μg/dl), group II (14.19 ± 2.34 μg/dl), and group III (12.31 ± 2.27 μg/dl). When the mean serum cortisol levels in all the subjects were compared using one-way ANOVA, statistically significant (*P* \< 0.001) difference was observed in all the three groups \[[Table 4](#T4){ref-type="table"}\].

###### 

Mean comparsion of serum cortisol level SCL, ZSDS, and HAM-A scale among the groups using one-way ANOVA
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Anxiety and depression levels were assessed using HAM-A scale and ZSDS, which showed statistically highly significant difference (*P* \< 0.001) in group I subjects when compared with group II and group III subjects \[[Table 4](#T4){ref-type="table"}\]. Multiple comparison with Tukey\'s *post-hoc* test showed that both ZSDS and HAM-A scale values were significant (*P* \< 0.001) at 1% level in all the groups, except between group II and group III where ZSDS values were significant (*P* 0.012) at 5% level and HAM-A values were not statistically significant \[[Table 5](#T5){ref-type="table"}\].

###### 

Multiple comparsion of PD \>8 mm, CAL \>8 mm, SCL, ZSDS, and HAM-A scale by Tukey\'s *post-hoc* test
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DISCUSSION {#sec1-4}
==========

Stress is considered as an important factor in the etiology and maintenance of many chronic inflammatory diseases like rheumatoid arthritis, inflammatory bowel disease, and periodontal disease.\[[@ref23]\] The role of psychosocial disturbances in the etiology of periodontal disease was proposed by Burstone, Miller, Firestone *et al*.\[[@ref11]\] in the early. literature. The association between psychosocial stress, measures of distress, and coping behaviors was investigated in an epidemiologic study of 1426 participants aged between 25 and 74 years in the Eric County, NY. The stress levels of subjects were measured with five psychosocial instruments, which indicated significant association of stress with greater alveolar bone loss.\[[@ref10]\]

According to Miller and Firestone,\[[@ref5]\] Moulton *et al*.,\[[@ref6]\] and Belting and Gupta, 1961\[[@ref7]\], psychological disturbances can lead patients to neglect oral hygiene, resulting in greater amounts of of plaque accumulation, which is detrimental to the periodontal tissues. Moulton *et al*.\[[@ref6]\] reported that severe cases of acute necrotizing ulcerative gingivitis (ANUG) were preceded by acute anxiety. By assessment of psychiatric patients and normal subjects, Baker *et al*. 1961\[[@ref11]\] found significant corelations between periodontal status and factors such as age, broken home, marital adjustment, and hysteria. Belting and Gupta\[[@ref7]\] reported that psychiatric patients presented significantly higher periodontal scores than their controls and concluded that the severity of inflammatory periodontal disease increased significantly with the degree of anxiety.

The cellular and molecular interaction between the immune system and CNS mediates the effects of stress in maintaining immunologic and behavioral homeostasis. Kamma *et al*. (2004) stated that smoking and stress-related factors can increase the cytokine levels significantly in aggressive periodontitis patients compared with controls.\[[@ref24]\] There were increased levels of *Tannerella forsythus, Porphyromonas gingivalis*, and *Aggregatibacter actinomycetemcomitans* among individuals with high depression scores, suggesting a positive psychoneuroimmunologic link.\[[@ref25][@ref26]\] A cross-sectional study done by Marcenes and Sheiham\[[@ref27]\] to establish the association of oral health status with work stress found that there was a significant association between poor periodontal status and high work demand with low marital quality.

Numerous studies have shown that yoga practice has become an increasingly widespread therapy to reduce stress by reducing anxiety, depression, and other mood disorders. Yoga inhibits the posterior or sympathetic area of hypothalamus and restores autonomic regulatory reflex mechanisms associated with stress, leading to decreased production of ACTH from the anterior pituitary gland.\[[@ref28]\] Consistent yoga practice can improve individual\'s physical, mental, and spiritual components of health particularly related with stress, resulting in decrease production of cortisol from the adrenal gland.\[[@ref29][@ref30]\]

In the present study, serum cortisol levels were assessed to find the existing relationship between stress and periodontitis by comparing with yoga practising individuals. Serum, saliva, and gingival crevicular fluid are three different media considered for examining cortisol levels. Non-invasive methods of collecting the sample like saliva and gingival crevicular fluid are also preferred, but due to chairside sample collection, storage, and other patient-related factors, serum cortisol assessm ent was considered.

In this cross-sectional study, all the included subjects were evaluated for their stress levels with the help of a questionaire and the periodontal health status was correlated with cortisol levels. Plaque level in all the subjects was high, but slightly higher levels were noticed in subjects with stress and periodontitis. This is in agreement with previous studies by Rosania *et al*.,\[[@ref31]\] Johannsen *et al*.,\[[@ref32]\] and Klages *et al*.\[[@ref33]\] According to Deinzer *et al*., students who are under academic stress show high plaque values as well as severe gingival inflammation.\[[@ref34]\] High plaque values in group I subjects may be due to infrequent or inefficient tooth brushing of these individuals. Similar to the previous studies, it was noticed that stress may interfere with tooth brushing and plaque control measures.\[[@ref35]\]

PPD and CAL of 5--8 mm in the present investigation showed no differences for the levels of anxiety and depression among subjects in all three groups with different levels of periodontal disease. In addition, of the three groups, subjects in group I showed slightly higher frequency of PPD and CAL 5--8 mm. This may be due to the action of behavioral pathogens, neglect of oral hygiene, dietary inadequacies, poor sleep patterns, and use of tobacco products which constitute an important class of psychosocial stress that contributes to the severe form of advanced periodontal inflammation and disease.\[[@ref36]\] When the association of the levels of cortisol with the severity of PPD and CAL was determined, it was noticed that in all subjects there was positive association of cortisol levels with severity of both PPD and CAL.

Genco *et al*.\[[@ref11]\] first verified the association between cortisol levels and periodontal disease and reported that the mean cortisol levels were higher in patients with the periodontal disease and stress. In another study, Mengel *et al*.\[[@ref37]\] examined the interaction of periodontal disease with psychosocial stress and stated that there were no statistically significant correlations among the immunological mediators (IL-1, IL-6), cortisol, and stress.

Cortisol levels in the peripheral blood and saliva follow a circadian rhythm, showing highest titers in the early morning during the final hours of sleep, followed by a gradual decline over the course of the day, with minimum titer reached in the early evening.\[[@ref38]\] Different physiological cortisol concentrations have been reported in the blood (from 5 × 10^−8^ M to 1.2 × 10^−6^ M), saliva (from 5.5 × 10^−9^ M to 6 × 10^−9^ M), and gingival crevicular fluid (from 35 to 97 × 10^−9^ M). External factors such as inflammatory, physical, and psychosocial stress are known to increase cortisol release.\[[@ref39]\]

In this study, cortisol levels were mostly associated with psychosocial stress measured with HAM-A and ZSDS. HAM-A is an observer rating scale, which is a more reliable and accurate tool for assessing the severity of anxiety symptoms than the other self-reported scales. HAM-A scale is widely used today in clinical research setting to detect the current state of psychopathology of a subject.\[[@ref40]\] ZSDS is a valid and sensitive scale used effectively to assess the depression state of an individual.\[[@ref41]\] Both ZSDS values and HAM-A values were high in group I patients and showed a positive relationship with cortisol levels. Very few subjects in the other two groups showed lower ZSDS and HAM-A values with high cortisol levels. This reveals that a significant number of individuals showed direct relationship of the severity of stress with cortisol levels. Some other studies reported earlier revealed that the association between cortisol levels and stress is not regular, due to various factors like how an individual deals with stress by different strategies of coping stress in the HPA axis (cortisol).\[[@ref36]\]

Yoga is now considered as a new form of medicine that integrates an individual\'s physical, mental, and spiritual components to improve health in a stress-related illness.\[[@ref42]\] Evidence shows that stress causes negative emotional states in an individual, which would contribute to the etiology of various chronic diseases. In recent years, millions of people all over the world are practising yoga to overcome stress in everyday life and now it is regarded as a CAM in treating stress-related anxiety and depression.\[[@ref43]\] In the present study, a total of 23 patients who were practicing yoga showed significantly less anxiety and depression scores similar to the scores of non-stress individuals. Plaque scores, probing depth and CAL both at 5--8 mm and \>8 mm were low when compared with other groups, suggesting that regular practice of yoga improves physical health, fitness, and relieves stress, thus enhancing the oral hygiene and periodontal health status.

CONCLUSION {#sec1-5}
==========

Studies to date strongly suggest that psychosocial stress is an important risk indicator for systemic diseases such as diabetes, cardiovascular disease, preterm delivery, osteoporosis, and periodontal disease. Yoga practice may help to improve systemic health of patients, reduced depression and anxiety, and cause better wound healing, and might have therapeutic benefits in the severity or progression of periodontal diseases like other chronic inflammatory diseases which are influenced by various risk factors such as stress. As mind--body fitness programs such as yoga continue to increase, it is important for healthcare professionals to inform about the nature of yoga and its therapeutic effects.

This early observation of association of yoga with periodontal disease will require further extensive studies to understand the benefits of yoga in stress relief, as well as its benefits in the control of periodontal disease progression and maintenance.
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